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Abstract 
Infrastructure projects with large increase in accessibility, often experience over- or underestimation in traffic volume prognosis. 
This has been the case in several fixed link projects in Norway. Fixed link projects replaces ferry services with a bridge or a tunnel, 
resulting in large time savings across the fjord. This paper investigates four fixed link projects in Norway. The fixed links connects 
islands to towns with a population of up to 50.000. This study investigates how land use is affected by the opening of a fixed link. 
Commuting patterns, population, housing prices and number of companies are analysed with the difference in difference method. 
Results show a growth due to the fixed link for two of the cases, while the other two experience small or no growth caused by the 
fixed link. The results indicate that land use changes might appear for islands, which get a fixed link connection to non-urban areas. 
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1. Introduction 
Traffic volume prognosis is a crucial part in the assessment of new infrastructure projects. The prognosis is the 
basis for calculations of e.g. user benefit in cost benefit analysis, pollution, and toll income. This process requires 
assumptions of people’s travel behaviour. A lack of accuracy in the assumption and hence in the forecasts might lead 
to the selection of an infrastructure that is not optimal. Traffic volumes for fixed links projects with precision is 
currently of crucial importance in Norway. The project “Coastal Highway Route E39” will improve a national road, 
replacing 7 ferry services with fixed links along the western coast of Norway (Ellevset, 2012). Fixed links are bridges 
or tunnels that join areas previously separated by geographic barriers, providing a permanent connection. Fixed links 
might lead to significant travel time savings and improve the convenience of travelling. However, the cost does not 
necessarily decrease when the fixed link are opened, as a part of the investment are normally financed through tolling.  
Few studies have been conducted on impacts of fixed link projects. However, some ex-post evaluations of these 
projects, have found significant over/underestimation of traffic volumes for these kinds of projects (Díez Gutiérrez et 
al., 2015; Flyvbjerg et al., 2006; Skamris and Flyvbjerg, 1996). The mismatches might be caused by the imprecise 
prediction of the willingness to pay for a fixed link, according to Bråthen and Hervik (1997). Knowles and Matthiessen 
(2009) also mention the lack of data on the psychological effect of substituting a ferry with a fixed link. Flyvbjerg et 
al. (2006) found that the main reasons for the forecast inaccuracies are within trip distribution and land use 
development. 
Transport models are normally used to obtain traffic volume forecasts. The Norwegian model is a four-step 
transport model, which does not account for possible changes in land use, and it uses the same population forecasts 
regardless of the possible impact by a new infrastructure. Nevertheless, Díez Gutiérrez et al. (2015) analysed new 
Norwegian fixed links joining smaller towns/settlements to cities with more than 50.000 inhabitants, within 
commuting time. The fixed links affect population growth, housing market and people’s behaviour. The population 
increases considerably right after the reduction in travel time caused by the fixed links, and even more after the 
reduction in travel costs caused by the toll removal. Consequently, the housing market also changes, increasing the 
square metre price and the construction rate of new dwellings. These findings are in coherence with the urban economic 
theory, which states that improvements in accessibility might promote an increase in population, economic activities 
and housing prices in one area (Coppola et al., 2013). 
In this paper, we conducted four ex-post evaluations of fixed links, which join smaller towns/settlements (up to 
50.000 inhabitants) closer together. The objective was to gain knowledge about how these fixed links affect land use 
characteristics and society and, to observe the impacts in rural areas. The method analyses changes in development of 
population, commuting, housing market and number of companies at the municipal level over time. The timeframe of 
observation was from the opening year of the fixed link until 5 years after. Unlike most of earlier studies, we focused 
on islands, which have a definite influential area. In addition, we also compared the cases to similar islands without 
the influence of a fixed link.  
The four fixed links are presented in chapter 2. Chapter 3 describes the difference in difference method used to 
compare the evolution of the variables in the affected areas to a control group. Chapter 4 presents the results of the 
study, where we observe possible trend changes before and after the opening of the fixed links. The discussion 
concerning the trend changes are described in chapter 5. The conclusions of this study are summarized in chapter 6. 
2. Case studies 
In this paper, four fixed links along the west coast of Norway are studied. Fig.1 shows the analysed cases; 
Trekantsambandet, Eiksundsambandet, Halsnøysambandet, and Atlanterhavstunnelen. The analysed affected areas are 
marked with a solid grey line, while the control groups are marked with a dotted grey line. 
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Fig.1. Case studies (affected areas marked with a solid grey line and control groups marked with a dotted grey line), (a) Trekantsambandet, (b) 
Eiksundsambandet, (c) Halsnøysambandet, (d) Atlanterhavstunnelen 
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In addition to the affected areas shown in Fig.1, control groups for each case were identified. The control groups 
consisted of similar municipalities in the nearby region. The selection was done based on municipalities connected to 
the mainland by ferry, similar characteristics on business type, similar population levels in the before situation and 
local knowledge.  
Trekantsambandet is a triangular connection, previously connected by four ferry connections. We focused only on 
the connection to the western island municipality, as shown in Fig.1. The reason was that we wanted to observe the 
changes on the island connected to the mainland, rather than a connection between towns already on the mainland. 
The evaluation of Halsnøysambandet was more challenging, as some of the data were available only at municipal 
level, not matching the influential area. The commuting data for this case study, were only available at aggregate level 
that included several island not affected by the fixed link. Therefore, the analysis of commuting data were not possible. 
Nevertheless, this fixed link is interesting due to the low population numbers on each side. 
Table 1 presents characteristics about the four cases.  
Table 1: Characteristics of the case studies 
  Trekantsambandet Eiksundsambandet Halsnøysambandet Atlanterhavstunnelen 
Opening year 2001 2008 2008 2009 
Toll removal 2013 2014 - - 
Inhabitants in the  
largest town  on the 
connected island(s) 
2,500 
 
6,000 500 
 
500 
Inhabitants in the  
closest town  on the 
mainland 
14,000 
 
7,000 
 
2,000 18,000 
Travel time  before 
the fixed link 
(including waiting 
time) 
45 min. 
 
60-70 min. 
 
50 min. 
 
45 min. 
 
Travel time after the 
fixed link  
30 min. 30 min. 15 min. 20 min. 
Ferry ticket price €12.60 €6.60 €8.70 €10.30 
Toll price €5,25 €8.00 €10.50 €9.80 
Traffic volume  1 
year before the 
fixed link [AADT] 
700 850 450 800 
Traffic volume  1/5 
year(s) after the 
fixed link [AADT] 
1300/1500 1700/2200 750/800 1800/2250 
3. Method 
In order to analyse the impact of the fixed links, we used the difference in difference method (DiD) (Lechner, 2010). 
The DiD method compares the development in the affected area and a control group. The affected area in this paper is 
the municipality that get a new fixed link connection, marked in red in Fig.1. The control group consists of similar 
municipalities not connected by fixed link as described earlier. The use of control groups control for external factors 
influence on the development in the variables. Examples of this might be interest rates and GDP. 
The DiD method assumes that the development of the variables are similar in the affected area (FL=1) and the 
control group (FL=0), in the before situation. This assumption was tested statistically with a confidence level of 95 %. 
Table 2 describes the different values used in the DiD method, and the DiD values are then calculated based on formula 
1 below. 
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Table 2 – Different situations analysed in the DiD method 
 Affected area Control group 
After opening of the 
fixed link 
 1 1t iY u FL    1 0t iY u FL   
Before opening of the 
fixed link 
 
00
1t iY u FL    00 0t iY u FL   
 
        1 0 1 01 1 0 0i i i iDiD Y FL Y FL Y FL Y FLª º ª º        ¬ ¼ ¬ ¼    (1) 
 
Where FL=1 is the outcome of areas affected by a fixed link, and FL=0 is the outcome of areas not affected by a 
fixed link. t0 relates to the opening year of the fixed link, and t is the number of years after opening of the fixed link. 
In this study, the variables are analysed in the following time steps after opening: Immediate (t: 1), short term (t: 3) 
and medium term (t: 5). 
3.1. Data 
Table 3 shows the variables that were analysed in this study, and the observation period. The development in the 
variables was compared to the value in the opening year, by the use of the index 100 representing the opening year. 
Table 3: Variables and observed period 
 Variables Observed period 
Commute patterns Population and employment by place of residence  and workplace (2000 – 2014) 
Population Total population (1993 – 2014) 
Housing market Square metre price (1993 – 2014) 
Labour market Number of companies (1996 – 2013) 
 
Commuting patterns consisted of the annual number of people living in municipality i and working in municipality 
j (Rosentjern and Claus, 2015). We analysed the development of the number of people living in the affected 
municipality and working somewhere else. Moreover, we analysed the number of workers in the affected municipality 
living somewhere else. 
Population data were collected from Statistics Norway (Lystad and Rustad, 2015).  
Housing market data consist of information about sold dwellings, collected from the Norwegian Land Registry and 
Cadastre. The data contains information about sales price, size, type of dwelling, number of rooms and location. Only 
sales of residential houses were used in the calculations. We observed the development in the average square metre 
price per year in the affected area compared to the corresponding control group. We used a smoothing method (3 
values) to avoid fluctuations in the prices due to external factors.  
We carried out analyses based on a dataset of all companies registered in the Official Company Register. The data 
include information about location, revenue, cost, opening and closure of each company in the municipalities studied.  
We conducted one analysis on changes in the number of companies in the affected area and the control group area.  
4. Results 
Fig.2 shows the results of these analyses, and Table 4 specifies them. The values of the variables (commuting, 
population, housing price and number of companies) are the DiD between the affected and control group according to 
the index 100 in the opening year. Positive values in these variables indicate higher growth in the fixed link area than 
the control group relative to the opening year. 
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Fig.2. DiD values for the variables: commuters from (a), commuters to (b), population (c), housing prices (d), and number of companies (e). The 
dotted lines mean that the assumption of similar trends of the affected area and the control group were not met. 
After the opening of the fixed links, the number of commuters towards the newly connected areas increased in all 
the observed cases when comparing to the control groups. Nevertheless, the hypothesis that the trends between these 
areas were equal before the opening was only met in the case of Atlanterhavstunnelen. Regarding the number of 
commuters living in the affected area and working somewhere else, also experienced an increase larger than the control 
groups. In the cases of Trekantsambandet and Eiksundsambandet, this growth was plausibly in medium term as the 
initial years after the opening the number of commuters from was slightly reduced. Nevertheless, only 
Eiksundsambandet presented similar trends before the opening. 
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Table 4: DiD for some of the analysed variables and in the different time periods. FL implies the area affected by the fixed link, and CG is the 
equivalent in the control group.  
 Trend 
break? 
Impacts relative to opening year of fixed link (number of years) 
Immediate (1) Short (3) Medium (5) 
Commuting from the municipality 
Trekantsambandet ~ ~ -5 -2 6 
Eiksundsambandet* - -3 -7 3 
Halsnøysambandet - NaN NaN NaN 
Atlanterhavstunnelen - 8 23 24 
Commuting to the municipality 
Trekantsambandet ~ ~ 15 -4 22 
Eiksundsambandet - 0 2 5 
Halsnøysambandet - NaN NaN NaN 
Atlanterhavstunnelen* FL/CG 6 41 12 
Population 
Trekantsambandet FL -2 -2 0 
Eiksundsambandet* FL 0 5 8 
Halsnøysambandet*  FL/CG -2 -3 -4 
Atlanterhavstunnelen FL/CG 0 1 2 
Square metre price residential dwellings 
Trekantsambandet* FL/CL -3 5 -7 
Eiksundsambandet* CL 6 15 28 
Halsnøysambandet* FL 1 -17 -1 
Atlanterhavstunnelen* CL -10 3 20 
Total number of companies 
Trekantsambandet FL/CG 3 10 13 
Eiksundsambandet* - 3 3 4 
Halsnøysambandet CG 0 8 18 
Atlanterhavstunnelen* FL/CG 1 4 NaN 
~ = The assumption of similar trends has not been tested, due to not sufficient amount of data for the years prior to opening.  
* = The hypothesis of similar trends before opening of the fixed link is met with 95 % certainty. 
 
The population development for Eiksundsambandet experienced an increase of 8 % after 5 years, due to the fixed 
link. Analysis of trend breaks also showed a trend break in population development for the affected area. 
Halsnøysambandet on the other hand, experienced a negative impact on population due to the opening of the fixed 
link. The other two projects experienced little impact in the DiD-values, but the assumption of similar trends was not 
met.  
The analysis of housing prices showed an increase due to the fixed link in the cases of Eiksundsambandet and 
Atlanterhavstunnelen. The development in prices in the later started to increase two years after opening.  The increase 
here came from a negative trend change in the control group. The other two cases, experienced no clear change in 
housing prices due to the fixed links in the analysed period. In all the cases the hypothesis that the trends between the 
affected and control group were equal before the opening of the fixed links were accepted with a confidence level 
higher than 95%. 
The development of the total number of companies affected by Eiksundsambandet and Atlanterhavstunnelen was 
larger than in the control groups. In spite of that, there was no trend break in Eiksundsambandet due to the opening of 
the fixed link. Due to the lack of data of Atlanterhavstunnelen the trends were only studied for immediate and short 
term effects. The other two cases also experienced a positive development after opening of the fixed links. Since the 
assumption of similar trends before was not met, this might be caused by other factors than the fixed link. 
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5. Discussion 
Towns previously connected by a ferry service, experience large travel time reductions when the ferry is replaced 
by a fixed link. Hence, the accessibility between the towns increases. This improved accessibility might not only lead 
to increased travel demand, but also lead to land use changes (Wegener, 2004). A previous study by Díez Gutiérrez et 
al. (2015) of islands connected to larger cities, found a growth in the population living in the affected areas, and hence 
an increase in the housing prices, due to the opening of a fixed link. In addition, there was a growth in the traffic 
volumes between the island and the mainland. The aim of this paper is to evaluate if the same development happens 
when a fixed link connects an island to more rural areas. We selected four cases connecting towns of less than 50 000 
inhabitants. 
The variables used in this paper covers a range of land use characteristics, which we found suitable for this analysis. 
Those were commuting patterns, population, housing prices and number of companies. Nevertheless, the opening of 
a fixed link might also influence other variables, such as number and type of non-residential and residential buildings. 
Additionally, the industry might shift from the primary sector towards other sectors. However, these changes are slow 
(Wegener, 2004). Therefore, the observed period in this paper does not cover these potential changes.  
The Difference-in-Difference method is suitable when analysing trends over time. However, it assumes the use of 
a control group with similar properties and development to the affected area, in the period before the opening of the 
fixed link. Identifying control groups that present enough similarities is difficult. The control groups used in this paper 
did not adequately meet the assumptions for all of the variables. Therefore, some differences in the DiD values might 
have been the result of external factors not studied in this paper, e.g. municipal policies or differences in the industry 
composition. Furthermore, the analysed fixed links connects islands to the mainland. This provided good control of 
the boundaries of the influential area. The influential area of all the fixed link projects coincided with whole 
municipalities, except for Halsnøysambandet. This made the land use data readily available. However, the affected 
area and the mainland in the case of Halsnøysambandet are in the same municipality. The variables whose data is only 
available in the whole municipality are not studied. 
Increase in population due to the fixed link was found in only two cases. Nevertheless, the magnitude of the changes 
were small in these two cases five years after opening. These two cases seemed to be more attractive for people moving 
to the region, linking the biggest populations together. The other two cases experienced no or negative population 
development, giving no indication that the fixed link caused increased attractiveness in the affected areas.  
Housing prices experienced similar development to population. The two cases with population growth also 
experienced an increase in housing prices. Housing prices gives indications of the demand for land in an area, as 
when the demand for houses increases so do the prices. Therefore, increase in housing prices might also represent a 
higher attractiveness of the area. We did not find any clear trend in the two other cases, as the DiD values fluctuate 
around zero.  
Three cases experienced a large increase in commuting from the island five years after opening of the fixed link. 
This might have been caused by increased accessibility to the labour market on the mainland, giving more 
opportunities within commuting distance. The increase in commuting might have been also explained by the 
opportunity to move to the island and still keep the job on the mainland. Still for two of the cases the assumption of 
similar trends were not met in the before situation, therefore those results might not be caused by the fixed link. 
Regarding commuting to the island, all three cases analysed also experienced an extra growth in commuting due 
to the fixed link. The new connection may have been an incentive for establishing new or relocation of companies. 
New companies on the island could give more possibilities for people living on the mainland as well. This was also 
supported by the growth in the number of companies on the islands. 
The number of companies in the four cases increased more than their corresponding control groups. Nevertheless, 
only two cases satisfied the assumption of similar trends. This gave indications of a positive impact on companies in 
the affected areas. The islands became more accessible, and hence this might have increased the attractiveness for 
companies to establish or relocate to the island. The business sector of the new companies was not analysed in this 
paper. Nevertheless, a more detailed study of changes in different type of companies is an interesting topic for further 
research.  
Overall, the results indicated a small impact on all the studied variables. Two of the cases experienced growth in 
all the land use variables analysed. However, the characteristics of these cases did not seem to explain why some of 
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the cases experienced more growth than the other cases. Hence, other characteristics not studied in this paper might 
help to explain why land use changes varied between the cases. Among them, the difference in the type of industry 
between the mainland and the island for example.  
The magnitude of the traffic growth due to the opening of a fixed link is often discussed during the planning phase. 
The prognosis of the traffic volumes usually mismatches the observed traffic in the fixed links. The immediate traffic 
growth in the opening year of the fixed links were between 1.8 and 7 times the growth described in the tolling 
proposals. (Samferdselsdepartementet, 2005, 2003, 2000). The reason for these mismatches was not clear due to lack 
in documentation of the analysis. In some cases, transport models were not used to calculate the growth. However, 
land use changes might have also contributed to these mismatches in the prognosis.  
Changes in land use might give a feedback to the transport market, resulting in changes to the travel demand. These 
findings were also in accordance to the theory presented in Wegener (2004). This paper shows that land use changes 
might appear when connecting a fixed link to a non-urban mainland. However, the magnitude of these changes are 
lower than the ones experienced in fixed links joining towns closer to cities studied in Díez Gutiérrez et al. (2015). 
Based on the findings both from this study and the previous study by Díez Gutiérrez et al. (2015), we suggest that the 
transport model  might be extended to also model land use changes for fixed link projects. This might be an 
improvement, especially in projects close to cities. However, this paper indicates that land use modelling can also 
improve traffic forecasts in areas that are more rural. This might improve traffic assessment of fixed link projects.  
More studies of similar cases might also help to distinguish when land use changes might appear. However, the 
number of available cases with sufficient land use data are limited. During the next years, some new fixed links will 
open in Norway, giving the possibility to study more cases in the future. Furthermore, all projects in this study are 
subject to toll collection, within the period of analysis used in this paper. Hence, the full benefit from the fixed link 
might not be revealed before the tolling period has ended. Therefore, a study of the long-term effects on land use of a 
fixed link might also be an interesting topic for future research. 
6. Conclusion 
The aim of this paper is to gain better knowledge about how fixed links affect land use characteristics and society 
in rural areas. The findings from this ex-post study show small impacts on most of the land use variables. Still, the 
results show indications of increase in attractiveness in two of the cases.  
Including potential land use changes to the transport model when analysing fixed links might be a way of improving 
prognosis of the transport volumes. Still, this paper indicates that the importance of land use impacts in traffic 
assessment is larger when a fixed link project connects more populated areas. 
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